Instrumented Charpy Impact Test has been used to evaluate the effect of strontium (Sr) level and solidification cooling rate on the impact toughness and its parameters (crack initiation and crack propagation energies) of high purity eutectic Al-Si alloy. In addition, tensile properties has been also investigated. It has been found that, both crack initiation and crack propagation energies are improved gradually with increasing Sr content with a consequent increase in the toughness. This confirms also the high strength and ductility displayed by modified alloy. The improvement amount not only depends on the Sr level but also on the cooling rate imposed during solidification. Fractographic study revealed that the crack is initiated in the eutectic phase by fracture of Si particles. This crack seems to propagate in a brittle fashion in a nonmodified alloy while it proceeds in a ductile manner in a modified one. Dimple pattern of fracture is found to be the characteristic of modified alloy. The higher ductility and toughness of modified alloy in addition to the change in the fracture characteristics can be attributed only to the fine fibrous morphology of Si particles achieved by modification and the stress-strain state in the matrix material associated with the fineness of Si particles.
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2.Experimental Procedure
All tests were carried out on an eutectic Al-Si alloy, whose complete composition is given in Table 1 . The experimental material was prepared using high purity Al (99.99%) and Si (better than 99.999%). For each heat, prealloyed ingots were melted in an electric resistance furnace. For nonmodified melts, the melt temperature was raised and held at 1003K. Then degassing was carried out, in the furnace, using argon gas at a flow rate of 1.5 l/mm for 0.6 ks prior to casting. With modified melts, the melting procedure was the same except that modification treatment was performed by adding Sr in the form of an Al-10Sr master alloy at 1003K and the temperature was raised to 1023K after which the molten metal was held for 0.6 ks followed by degassing at 1003K. The nominal addition amounts of Sr were 0.005 mass%, 0.01 mass%, and 0.03 mass%.
Two solidification cooling rates were employed. These were achieved using two types of moulds fabricated from steel and graphite containing identical cavities of 140 mm length X 90mm width X 30mm thickness.
Impact toughness test was carried out using Computer Aided Instrumented Charpy impact testing (CAI) system25) which provides a visual display of crack initiation energy (Ei), crack propagation energy (Ep), maximum impact load (Pm) and total absorbed energy (Et). A record of load-deflection curve can also be obtained. Tensile properties were established by tensile test of specimens having gauge diameter of 6mm and 30mm gauge length. Tensile test was performed at a crosshead speed of 0.5mm/min.
In addition to optical microscope, the morphology of eutectic-Si particles was examined in more detail using scanning electron microscope (SEM) after etching away the Almatrix with a solution containing 5% HF acid for about 7.2ks. Fracture surfaces characteristics were revealed using . Two dimensional study leads to the impression that, the eutectic-Si displays a needle-like form, (cf. Fig. 1a and 1b). However, three dimensional observation of a deep etched specimens using SEM reveals that, the eutectic-Si has a plate-like nature, Fig. 1 (c, d) . It is obvious that, fast cooling rate (steel mould) scaled down the dimension of Si particles rather than their shape and arrangement (i. e. the structure of the eutectic is, almost, geometrically similar). Fast cooling rate reduces, also, the amount of primary Si and lead to an increase of the amount of Al-dendrites (cf. Fig. 1 (a, b) ). Table 2 . Increasing amount of primary Al-rich phase and elimination of primary Si phase lead to the suggestion that the eutectic point is shifted toward the right side of the equilibrium diagram (i. e. to higher Si content) in conjunction with depression of the eutectic freezing temperature due to Sr addition26), 27). SEM study indicates that the morphology of Si phase in the eutectic mixture of a modified alloys is fibrous, Fig. 4 . Based on the microstructural study presented here, it may be suggested that the growth mode of Si is sensitive to the amount of Sr available in the melt during solidification and that the fibrous form is favored when the Sr concentration exceeds a certain level. Fig. 5 . Since, the impact toughness is composed of these two values (i. e. Et=Ei+Ep), thus, Ei and Ep can also defined as toughness parameters. As can be seen, fast rate of cooling shows impact toughness value superior to those solidified at low cooling rate (cf. Fig. 5a and 5b). It is also interesting to note that, independent of the solidification cooling rate, modification improves the impact toughness of both castings versions, but to a large extent for specimens having long solidification time (i. e. low cooling rate). Table 2 Volume fraction of constituent phases (%) The remarkable improvement, in elongation, associated with the addition of strontium can be related to its effect on the microstructure of the present alloy. Microstructurally, the eutectic structure of Al-Si alloys consists of Si particles, as a second phase, embedded in Al-matrix (i. e. they can be considered as a dispersion alloy). This implies that the particle size indeed has a significant influence on the fracture A theoretical analysis by Saigal29) has shown that the stress or strain required to break a particle were inversely varied with the particle size. This means that the void nucleation strain is higher for fine particles. In addition, on the assumption that, failure takes place when void grows to a critical size. Hence, the failure strain is inversely proportional to void growth rate. Therefore, it can be suggested that, the Table 3 is that, despite the superiority of the impact value and the ductility of fast cooling rate cast, the improvement in these properties is higher for low cooling cast.
Fracture
Optical micrograph of a longitudinal section near the fracture surface is shown in Fig. 9a . It is interesting to note that, broken Si particles (as indicated be arrows) are a dominant element in the fracture process of the present alloy.
The fracture surface of nonmodified alloy (steel mould) is shown in Fig. 9b . As can be seen, it delineated an appearance resembles the array of Si plates shown in Fig. 1 
4.Conclusions
Toughness, tensile properties in conjunction with fracture behavior of high purity eutectic Al-Si alloy have been investigated in the nonmodified and modified conditions. The results of the present study lead to the following conclusions:
(1) Impact toughness is found to be highly sensitive to the Si morphology in the eutectic mixture. Fibrous Si morphology enhances the toughness owing to its profound effect on the crack initiation and crack propagation resistance.
(2) Tensile properties, especially elongation are greatly improved as a consequence of the preponderant effect of Sr modification.
(3) Crack is initiated by fracture of eutectic-Si, the nucleated crack seems to propagate in a brittle manner in the nonmodified alloy, while in the modified ones fracture proceeds in a ductile fashion.
(4) The higher toughness and ductility of a modified alloy are fairly attributed to the fine fibrous morphology of Si particles achieved by modification and the stress strain state in the matrix material associated with the refinement of eutectic Si.
